A method is described which enables complete pole figures of metal sheet to be obtained using the reflection technique alone. A small known displacement of the sample from the centre of the texture goniometer is made and this significantly reduces absorption at high tilt angles (the outer region of the pole figure) . The displacement introduced requires a wider receiving slit in order to collect an adequate fraction of the diffracted x-rays. The overall improvement in peak-to-background ratio is such that reproducible, complete pole figures can be produced. No loss in the detail contained in the pole figures has been observed due to the misalignment of the goniometer geometry.
INTRODUCTION
The reflection goniometer originally proposed by Schultz (1949) is the most common instrument used for obtaining pole figures describing the preferred orientation of the grain structure in metal sheets. A limiting feature of the instrument is that there is inadequate diffracted intensity when the sample is inclined such that the sheet normal approaches an angle of 90 with the plane containing the incident and diffracted beams (b in the Schultz geometry, Figure 1 ). The limit is due to strong absorption of the x-ray beam in the sample and is in the range [75] [76] [77] [78] [79] [80] for typical samples and experimental configurations.
O' FIGURE
Sample/goniometer geometry in the Schultz reflection method. The Bragg angle 0 is fixed and the sample rotates about the sheet normal 0 0' (0t) and tilts about FF' ().
Alternative methods for obtaining complete pole figures include the following. (i) Combining both reflection and transmission figures (Hu et al., 1952) , this can be time consuming and matching the figures may be difficult if the texture varies through the thickness of the sample.
(ii) Making a composite specimen of several thicknesses of sheet and cutting it so that a complete quadrant of the pole is obtained in reflection (Lopata and Kula, 1962) . The pole figure obtained is an average through the sheet thickness and also assumes symmetry of the pole figure. (iii) Making a composite specimen as in (ii), cutting a small spherical specimen from it and the pole figure determined using transmission geometry (Jetter and Boric, 1953) . This technique has the advantage that absorption corrections are small. However, specimen preparation is time consuming and, again, an average through the sheet thickness is obtained. The averaging may be desirable for some applications but it may also be necessary to know how the texture varies through the sheet, and this is difficult to discern using the composite specimen methods.
A somewhat similar approach to that described in this paper has been adopted, recently, by Ortiz and Hermida (1981) who derived a theoretical expression for the effect of defocussing on the diffracted intensity. Their work was based on a number of earlier treatments Chernock and Beck, 1952; Tenckhoff, 1970; Feng, 1965) . Precise experi-mental details were not given and the application of their expression requires a measurement of the misalignment for each change in geometry. They have published a further paper (Ortiz and Hermida, 1980) which describes a method for testing the goniometer alignment.
PRINCIPLE OF THE METHOD
The geometry of the Schultz reflection method is shown in Figure 1 The second modification involved the widening of the receiving slit in order to collect a greater proportion of the diffracted x-rays since a result of defocusing is that the angular spread of the diffracted x-rays is greater than with the normal geometry. There is also a small shift in the 20 value of the peak maximum since the fraction of the incident beam used at high angles only strikes the sample due to its divergence from the true 0 value (see Figure 2 ). Intensity correction for defocusing and absorption was achieved with the aid of a sample made by loading aluminium powder into a small quantity of epoxy resin. This 'random' sample showed no preferred orientation and the intensity profile obtained, as a function of the angle was used to correct the intensity obtained from textured specimens prior to plotting the pole figure.
RESULTS
Receiving slit width Figure 3 shows the normalised intensity of the (111) It should be noted here that the slits originally supplied with the goniometer were not an optimum for texture determination, even with the standard geometry. Most modern texture goniometers will give intensity/ plots similar to Figure 3 (b) when set up correctly. The maximum slit width is determined by the size of the slit and filter holders used and has not been further optimised in the present experiments.
Specimen displacement
The specimen was carefully displaced from its correct position in the goniometer by using measured shims. The intensity at 90 for the (111), (200) and (220) reflections as a function of the displacement is shown in Figure 4 . The curve is quite sharply peaked at a displacement of 0.5 mm. Reference to Figure 2 shows that the outer extremities of the beam just touch the specimen at this displacement. .5 .6
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FILM THICKNESS, MM FIGURE 4 Diffracted intensity vs. sample displacement for (111), (200) and (220) reflections.
Intensity variation with 0t-angle presentations including multiples of the random intensity are provided in the software.
The pole figure obtained using the optimum geometry is compared with that from the normal geometry and other modifications in Figure   7 . Quadrant A is from the optimum geometry, quadrant B the 'normal'
geometry, quadrant C a larger than optimum displacement and quadrant D a smaller than optimum displacement. 
